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(57) ABSTRACT

A digital camera capable of detecting a name of a captured
landmark 1s described. The digital camera includes an envi-
ronmental condition capturer, a liquid crystal display (LCD)
unmit, and a map data table. The map data table includes a
plurality of landmark names and a plurality of landmark
coordinates corresponding to the landmark names. A method
for detecting the name of the captured landmark using by the
digital camera includes the steps of capturing an 1image, and
obtaining a focusing distance, in which the image includes at
least one of the captured landmark; capturing an environmen-
tal condition mncluding shooting information and searching
information; obtaining a search focus range according to the
environmental condition and the focusing distance; and look-
ing up the map data table according to the search focus range
and the shooting information to obtain an output coordinate
and the landmark name corresponding to the captured land-
mark.

10 Claims, 10 Drawing Sheets
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DIGITAL CAMERA CAPABLE OF
DETECTING NAME OF CAPTURED
LANDMARK AND METHOD THEREOFK

CROSS-REFERENCE TO RELATED
APPLICATIONS

This non-provisional application claims priority under 35

U.S.C.§119(a) on patent application No(s). 098134042 filed
in Taitwan, R.O.C. on Oct. 7, 2009, the entire contents of
which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of Invention

The present invention relates to a digital camera, and more
particularly to a digital camera capable of detecting a name of
a captured landmark and a method thereof.

2. Related Art

Nowadays, digital cameras have become the mainstream
image-capturing devices for capturing images, which are
casy to operate and convenient for users to record every
details of daily life. As the digital camera does notrequire any
photographic film, the user basically can capture a large num-
ber of images at will. However, when the user reviews previ-
ously taken photos, he/she may forget or hardly remember
locations and names of landmarks captured 1n the photos,
thereby resulting 1n difficulty 1n organizing and sorting the
photos.

Therefore, in U.S. Pat. No. 6,657,661, a global position
system (GPS) receiver 1s combined with a digital camera.
When capturing an image, the combined device writes loca-
tion information of the camera at the moment of capturing the
image into the image data according to longitude and latitude
information obtained by the GPS. Moreover, 1n the digital
image captured by the digital camera, 1n addition to the infor-
mation of the image itself, other information when the 1image
1s captured may be further recorded in the image in an
exchangeable 1mage file format (EXIF). Through the EXIF,
shooting time, aperture value, and exposure time when the
image 1s captured may be recorded in the image, and infor-
mation such as longitude and latitude obtained by the GPS
may also be recorded 1n the image.

However, when the image 1s captured, the location 1nfor-
mation acquired by the GPS 1s coordinates of the location of
the camera. Even 11 the location information where the image
1s captured has been recorded 1n the 1image, the problem that
the user cannot figure out the name of the captured landmark
still exits. What’s worse, the location of the captured land-
mark 1s sometimes different from the location of the camera,
so that the location data of the camera, rather than that of the
captured landmark, 1s recorded. For example, if a photo of
Taipe1 101 1s taken at Taipe1 City Hall, the captured landmark
“Taipe1 101” cannot be recorded in the photo, but instead,
Taiper City Hall 1s recorded.

SUMMARY OF THE INVENTION

In view of the above problems, the present invention 1s a
digital camera capable of detecting a name of a captured
landmark and a method thereof, which are applicable to solve
the above problems.

A digital camera capable of detecting a name of a captured
landmark disclosed by the present invention 1s used for cap-
turing an 1image of a scene. The digital camera comprises: an
environmental condition capturer, for outputting shooting
information of an environmental condition of the digital cam-
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era; a storage unit, for storing a map data table, 1n which the
map data table comprises a plurality of landmark names and
a plurality of landmark coordinates corresponding to the
landmark names, and each of the landmark coordinate com-
prises a landmark longitude, a landmark latitude, and a land-
mark altitude; an 1mage capturing element, for outputting
image data; an optical element assembly, for controlling the
image capturing element to receive searching information of
the scene; and a controller.

According to the present invention, when the controller 1s
actuated, the controller controls the optical element assembly
and receives the image data from the 1mage capturing ele-
ment. The controller captures the environmental condition
and a focusing distance, sets a search focus range according to
the focusing distance, and then looks up the map data table for
at least one of the corresponding landmark name according to
the environmental condition, the searching information, and
the search focus range. Then, the controller outputs the found
landmark name. The digital camera further comprises a liquid
crystal display (LCD) unit for displaying the found landmark
name.

According to an embodiment of the present invention, the
controller controls the optical element assembly according to
the focusing distance. The optical element assembly of the
digital camera comprises a lens device and an aperture device,
and the 1image capturing element comprises a charge-coupled
device (CCD).

In addition, the environmental condition capturer com-
prises: a GPS element, for outputting a shooting coordinate of
the digital camera, 1n which the shooting coordinate com-
prises a shooting longitude, a shooting latitude, and a shoot-
ing altitude; a compass, for outputting a shooting direction of
the digital camera; and an angle capturer, for outputting a
shooting angle of the digital camera. The above shooting
information of the environmental condition comprises the
shooting coordinate, the shooting direction, and the shooting
angle, and the searching information comprises a horizontal
search angle and a vertical search angle.

A method for detecting a name of a captured landmark
disclosed by the present invention 1s applicable to the digital
camera. The digital camera comprises the environmental con-
dition capturer, the LCD unit, and the map data table. The map
data table comprises the plurality of landmark names and the
plurality of landmark coordinates corresponding to the land-
mark names. The method for detecting the name of the cap-
tured landmark comprises: capturing the image, and obtain-
ing the focusing distance, in which the image comprises at
least one of the captured landmark; capturing the environ-
mental condition, 1n which the environmental condition com-
prises shooting information and searching information;
obtaining the search focus range according to the environ-
mental condition and the focusing distance; and looking up
the map data table according to the search focus range and the
shooting information to obtain an output coordinate corre-
sponding to the captured landmark and the landmark name
corresponding to the output coordinate.

According to the present invention, the step of looking up
the map data table according to the search focus range and the
shooting information to obtain the output coordinate corre-
sponding to the captured landmark and the landmark name
corresponding to the output coordinate comprises: calculat-
ing a shooting axis according to the shooting direction and the
shooting angle; obtaining a shooting pyramid according to
the shooting axis, the horizontal search angle, and the vertical
search angle; defining search pyramid ranges according to the
search focus range and the shooting pyramid; looking up the
map data table for the output coordinate according to each of
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the search pyramid ranges and the shooting coordinate; and
looking up the map data table for the landmark name corre-
sponding to the output coordinate.

The step of looking up the map data table for the output
coordinate according to each of the search pyramid ranges
and the shooting coordinate comprises: Step a, looking up the
map data table for at least one of the landmark coordinate
located within the search pyramid range according to the
search pyramid range and the shooting information; Step b,
when only one of the landmark coordinate 1s found within the
search pyramid range, taking the found landmark coordinate
as the output coordinate; Step ¢, when more than one of the
landmark coordinates 1s found within the search pyramid
range, selecting the output coordinate from the found land-
mark coordinates according to the found landmark coordi-
nates, a shooting focal length, the focusing distance, and the
shooting information; and Step d, when none of the landmark
coordinate 1s found within the search pyramid range, per-
forming the following steps: setting another search pyramid
range according to the search focus range and the search
pyramid range; and returning to Step a, and looking up the
map data table for the landmark coordinate located within the

another search pyramid range according to the another search
pyramid range and the shooting information.

According to an embodiment of the present invention, the
step of selecting the output coordinate from the found land-
mark coordinates according to the found landmark coordi-
nates, the shooting focal length, the focusing distance, and the
shooting information comprises: when the focusing distance
1s infinite, performing the following steps: respectively cal-
culating a horizontal angle between a vector formed from the
shooting coordinate towards each of the found landmark
coordinates and the shooting direction; respectively calculat-
ing a vertical angle between the vector formed from the
shooting coordinate towards each of the found landmark
coordinates and the shooting direction; calculating a land-
mark angle sum of the horizontal angle and the vertical angle
corresponding to each of the landmark coordinate; and taking
the landmark coordinate corresponding to a minimum land-
mark angle sum as the output coordinate; and when the focus-
ing distance 1s not infinite, performing the following steps:
calculating a landmark distance from each of the found land-
mark coordinates to the shooting coordinate; and taking the
landmark coordinate corresponding to a minimum landmark
distance as the output coordinate.

According to another embodiment of the present invention,
the step of selecting the output coordinate from the found
landmark coordinates according to the found landmark coor-
dinates, the shooting focal length, the focusing distance, and
the shooting information turther comprises: displaying the
landmark names corresponding to the landmark coordinates
on the LCD unit to allow a user to select a specified landmark
name; and receiving a select command, and taking the land-
mark coordinate corresponding to the specified landmark
name as the output coordinate.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description given herein below for 1llustra-
tion only, and thus 1s not limitative of the present mnvention,
and wherein:

FI1G. 1 1s a schematic architectural view of a digital camera
according to the present invention;

FIG. 2A 1s a top view of a shooting operation according to
an embodiment of the present invention;
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FIG. 2B 1s a side view of a shooting operation according to
an embodiment of the present invention;

FIG. 3 1s a schematic view of a shooting pyramid according,
to an embodiment of the present invention;

FIG. 4 1s a schematic tlow chart of a method for detecting
a name of a captured landmark according to an embodiment
of the present invention;

FIG. 5 1s a schematic flow chart of Step S70 according to an
embodiment of the present invention;

FIG. 6 1s a schematic view of a relation between a shooting,
axis and a shooting pyramid according to an embodiment of
the present invention;

FIG. 7 1s a schematic flow chart of Step S74 according to an
embodiment of the present invention;

FIG. 8A 1s a schematic tlow chart of a first embodiment of
Step S77 according to an embodiment of the present inven-
tion; and

FIG. 8B 1s a schematic flow chart of a second embodiment
of Step S77 according to an embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

Detailed features and advantages of the present invention
are described 1n the embodiments below, which are sufficient
for those skilled 1n the art to understand the technical content
of the present invention and to implement the present mven-
tion accordingly. According to the content disclosed 1n the
specification, the claims, and the drawings, those skilled 1n
the art can easily understand the objects and advantages of the
present invention.

The present invention provides a digital camera capable of
detecting a name of a captured landmark. FIG. 1 1s a sche-
matic architectural view of a digital camera according to the
present invention. Referring to FIG. 1, the digital camera 100
comprises a controller 110, an environmental condition cap-
turer 101, an LCD unit 108, an optical element assembly 112,
an 1mage capturing element 114, and a storage unit 116. The
environmental condition capturer 101 comprises a GPS ele-
ment 102, a compass 104, and an angle capturer 106. Accord-
ing to the present invention, the optical element assembly 112
comprises a lens device 1122 and an aperture device 1124,
and the 1image capturing element 114 comprises a CCD 1142.
The light reflected by the scene enters the image capturing
clement 114 through the lens device 1122 and the aperture
device 1124, and 1s recorded in the storage unit 116.

According to the present invention, through the elements 1n
the digital camera 100, the controller 110 may acquire infor-
mation when an 1image 1s captured, and record the information
into the image. The GPS element 102 comprises an antenna
and a GPS receiver, and 1s enabled to receive a signal trans-
mitted from a GPS satellite, so as to obtain necessary location
information. The GPS element 102 outputs a shooting coor-
dinate representing a location of the digital camera 100, and
the shooting coordinate comprises a shooting longitude, a
shooting latitude, and a shooting altitude.

FIG. 2A 15 a top view of a shooting operation according to
an embodiment of the present invention. Referring to FIG.
2A, the compass 104 outputs a shooting direction 170 of the
digital camera 100. The shooting direction 170 1s an angle
between a vector formed from the digital camera 100 towards
a captured object 200 and a direction from the digital camera
100 towards true north. The shooting direction 170 atffects
images of scenes that can be captured by the digital camera
100. The compass 104 may be an electronic compass, a north
finder, or other devices that enable the controller 110 to
acquire the shooting direction 170.
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FIG. 2B 1s a side view of a shooting operation according to
an embodiment of the present invention. Referring to FIG.
2B, the angle capturer 106 outputs a shooting angle 172 of the
digital camera 100. The shooting angle 172 1s an angle
between a vector formed from the digital camera 100 towards
the captured object 200 and a horizontal line when the image
1s captured. The shooting angle 172 affects images of scenes
that can be captured by the digital camera 100. In addition, 1T
the 1mage 1s captured 1n an overlooking manner towards a
direction below the horizontal line, the shooting angle 172 1s
represented by a negative number, and 1s used for subsequent
calculation.

The LCD umt 108 1s used for displaying the captured
image and information associated with the captured image to
a user. Shooting parameters such as an aperture value or the
shooting coordinate of the digital camera 100, or the opera-
tion result obtained by the controller 110 may all be displayed
to the user through the LCD unit 108.

The optical element assembly 112 comprises the lens
device 1122 and the aperture device 1124, and is used for
capturing an 1mage according to an aperture value and a
shooting focal length, a focusing distance 174, and other
shooting parameters specified by the controller 110. The
image capturing element 114 comprises the CCD 1142, and 1s
used for converting an image frame into a digital image sig-
nal. The shooting focal length refers to a distance from an
optical center of the lens device 1122 to the CCD 1142. The
shooting focal length 1s determined by a designer when
designing the lens device 1122, in which a longer focal length
1s corresponding to a narrower viewing angle (telephoto), and
a shorter focal length 1s corresponding to a wider viewing
angle (wide-angle). Some zoom lens devices 1122 may adjust
a position of the lens before capturing an image, so as to
change the focal length. The focusing distance 174 refers to a
distance from the optical center of the lens device 1122 to the
captured object, which 1s generally specified by an auto-
focusing mechanism of the camera.

When capturing an image, the user may adjust the shooting
tocal length by the controller 110. During focusing, the con-
troller 110 moves the lens device 1122 to a specified focusing,
distance 174, and adjusts the aperture device 1124. The image
capturing element 114 1s corresponding to the optical element
assembly 112 and converts the 1mage frame of the current
scene 1nto an electrical signal of a digital image. The control-
ler 110 transmits the 1mage signal generated by the image
capturing element 114 to the storage unit 116.

The storage unit 116 1n the digital camera 100 according to
the present invention comprises a map data table 1162. The
map data table 1162 comprises information associated with a
plurality of landmarks. A landmark 1s a building or a natural
object with unique geographical features 1n a certain place, so
that tourists or other common people can recognize the place
where they have been according to a photo of the landmark.
The landmarks comprise, for example, Taiper 101, Grand
Hotel, and Jade Mountain Main Peak in Taiwan, and the
Tokyo Tower, the Singapore Merlion, and the Roman Colos-
seum (Italy) i foreign countries. Landmark information
applicable to the present invention 1s not limited to locations
or types of the landmarks, but the landmarks may be classified
in the map data table 1162 according to regions or landmark
teatures. In the map data table 1162, each landmark 1s corre-
sponding to a landmark name and a landmark coordinate
recorded, and the landmark coordinate comprises a landmark
longitude, a landmark latitude, and a landmark altitude.

When the controller 110 1n the digital camera 100 dis-
closed by the present invention 1s actuated, the controller 110
controls the optical element assembly 112 and receives image
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data from the 1mage capturing element 114. The controller
110 may also capture necessary information through the
above elements, so as to detect the name of the captured
landmark. The controller 110 captures an environmental con-
dition and a focusing distance 174, and sets a search focus
range 176 according to the focusing distance 174. The envi-
ronmental condition comprises shooting information and
searching information. The shooting information comprises
the shooting direction 170, the shooting angle 172, and the
shooting coordinate; and the searching information com-
prises a horizontal search angle and a vertical search angle.
Then, the controller 110 looks up the map data table 1162 for
at least one of the landmark name according to the shooting
direction, the shooting angle 172, a horizontal angle, a verti-
cal angle, the shooting coordinate, and the search focus range
176, and outputs the found landmark name. A method for
detecting a name of a captured landmark 1s described 1n detail
below.

FIG. 4 1s a schematic flow chart of a method for detecting
a name of a captured landmark according to an embodiment
of the present invention. As seen from FIG. 4, the method for
detecting the name of the captured landmark comprises: 1n
Step S40, capturing an 1mage, and obtaining the focusing
distance; 1n Step S50, capturing the environmental condition;
in Step S60, obtaining the search focus range according to the
environmental condition and the focusing distance; and 1n
Step S70, looking up the map data table according to the
search focus range and the shooting information to obtain an
output coordinate corresponding to the captured landmark
and the landmark name corresponding to the output coordi-
nate.

The digital camera 100 sets the shooting focal length and
the focusing distance 174, and captures an image in Step S40.
The shooting focal length 1s generally selected by the user, 1n
which a longer focal length 1s corresponding to a telephoto
elfect (narrower viewing angle), and a shorter focal length 1s
corresponding to a wide-angle effect (wider viewing angle).
The zoom range varies with the usage of different lenses. The
setting of the focusing distance 174 generally comprises the
following steps: the focusing distance 174 of the captured
object 1s obtained by an auto-focusing mechamsm of the
digital camera 100, and the controller 110 controls the lens
device 1122 to set the focusing distance 174 and then captures
an 1image. After the image 1s captured, 1n Step S50, the digital
camera 100 obtains the shooting information and the search-
ing information of the environmental condition through cap-
turing and computing operations by the GPS element 102, the
compass 104, and the angle capturer 106 of the environmental
condition capturer 101, that 1s, obtains the shooting informa-
tion such as the shooting direction 170, the shooting angle
172, and the shooting coordinate, as well as the horizontal
search angle and the vertical search angle. The capturing of
the horizontal search angle and the vertical search angle wall
be described 1n detail below.

In Step S60, a search focus range 176 1s calculated accord-
ing to the environmental condition and the focusing distance
174, 1n which the search focus range 176 1s used for setting a
search range when searching the landmarks in the captured
image. The manners for calculating the search focus range
176 according to the focusing distance 174 are described as
follows. In a first manner, the focusing distance 174 1s taken
as a reference, and the search focus range 176 1s obtained by
increasing or decreasing the focusing distance 174 by a speci-
fied distance. Reference 1s made to FI1G. 2B at the same time.
For example, when the focusing distance 174 1s 5 m, and the
specified distance 1s 3 m, the search focus range 176 1s a
length range between a position 2 m (5-3) away from the
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digital camera 100 and a position 8 m (5+3) away from the
digital camera 100. Alternatively, the focusing distance 174 1s
merely increased by the specified distance, without being
decreased. At this time, the search focus range 176 1s a length
range between a position 5 m away from the digital camera
100 and a position 8 m away from the digital camera 100.
Defimitely, 1n the manner of increasing or decreasing the
focusing distance 174 by the specified distance, the value of
the specified distance may also vary with the focusing dis-
tance 174. For example, 11 the focusing distance 174 1s rather
short, the specified distance 1s short; and if the focusing
distance 174 1s quite long (for example, infinite), the specified
distance 1s long.

In addition, 1n another manner of specifying the search
focus range 176 by taking the focusing distance 174 as the
reference, a horizontal distance between the digital camera
100 and the captured object 200 may be set as the search focus
range 176. When the horizontal distance between the digital
camera 100 and the captured object 200 1s taken as a search
focus range 176', the search focus range 176' may be calcu-
lated according to the focusing distance 174 and the shooting
angle 172 by using the following equation:

Search focus range=focusing distance™Cos(shooting
angle)

The above manner of obtaining the search focus range 176'
according to the focusing distance 174 1s applicable when the
focusing distance 174 1s a certain value. When the focusing
distance 174 1s infinite, another manner may be adopted, that
1s, a length may be directly preset in the digital camera 100 to
serve as the search focus range 176. The preset length serving
as the search focus range 176 may be set according to a
hardware capability of the digital camera 100. That is to say,
when the searching operation of the controller 110 of the
digital camera 100 1s stmulated, a search range that 1s covered
when the controller 110 operates for no more than 0.5 seconds
1s taken to define the preset length. In such a manner, the
search range achieved each time 1s atfected by the operation
capability of the controller 110 and the capacity of the storage
unit 116. The higher the hardware capability of the digital
camera 100 1s, the larger the search range will be achieved,
and accordingly, the larger the search focus range 176 corre-
sponding to the search range will be.

Then, 1n Step S70 of “looking up the map data table accord-
ing to the search focus range and the shooting information to
obtain the output coordinate corresponding to the captured
landmark and the landmark name corresponding to the output
coordinate”, a scene range (covering the captured landmark)
of the image that can be captured by the digital camera 100
when capturing the image 1s calculated according to the
shooting information and the search focus range 176, and
then the map data table 1162 1s looked up for a landmark
coordinate located within the scene range and the landmark
name corresponding to the output coordinate. The scene
range of the image that can be captured 1s a square pyramid
with the digital camera 100 as an apex, which 1s referred to as
a shooting pyramid herein. FIG. 3 1s a schematic view of a
shooting pyramid according to an embodiment of the present
invention. As seen from FIG. 3, a shooting axis 150 extends
from the digital camera 100 towards the captured object 200.
By taking the shooting axis 150 as a center, together with the
horizontal search angle and the vertical search angle of the
digital camera 100 when capturing the 1mage, the shooting
pyramid 1352 is obtained. The shooting pyramid 152 may be
divided 1nto a plurality of search pyramid ranges 154a, 1545,
154¢, and 154d. Each search pyramid range 154 1s the above
search range. Then, the search focus range 176 and the shoot-
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ing coordinate are compared with landmark coordinates 156
in the map data table, so as to search the landmark coordinate
156 located within the shooting pyramid 152. Finally, an
output coordinate and a landmark name corresponding to the
output coordinate are output according to the found landmark
coordinate 156. The specific implementation of Step S70 1s
described in detail below.

FIG. 515 a schematic flow chart of Step S70 according to an
embodiment of the present invention. As seen from FIG. 5,
the step of looking up the map data table according to the
search focus range and the shooting information to obtain the
output coordinate comprises: 1 Step S71, calculating the
shooting axis according to the shooting direction and the
shooting angle; 1 Step S72, obtaining the shooting pyramid
according to the shooting axis, the horizontal search angle,
and the vertical search angle; 1n Step S73, defining search
pyramid ranges according to the search focus range and the
shooting pyramid; 1n Step S74, looking up the map data table
for the output coordinate according to each of the search
pyramid ranges and the shooting coordinate; and 1n Step
5100, looking up the map data table for the landmark name
corresponding to the output coordinate.

In Step S71, the shooting axis 150 1n FIG. 3 1s calculated
according to the shooting direction 170 1n FIG. 2A and the
shooting angle 172 1n FIG. 2B. The shooting axis 150 1s a
vector formed from the shooting coordinate of the digital
camera 100 towards the captured object 200, 1n which the
shooting coordinate of the digital camera 100 acts as a point
of origin. The shooting axis 150 1s a central axis of the
shooting pyramid 152 representing the scene range that can
be captured when capturing the image.

In Step S72, the shooting pyramid 152 1s obtained accord-
ing to the shooting axis 150, the horizontal search angle, and
the vertical search angle. FIG. 6 1s a schematic view of a
relation between a shooting axis and a shooting pyramid
according to an embodiment of the present invention. Refer-
ring to FIG. 6, when the horizontal search angle 180 1s out-
stretched towards the horizontal direction by taking the shoot-
ing axis 150 as a center, two horizontal limiting planes 184a
and 1845 are formed. When the vertical search angle 182 is
out-stretched towards the vertical direction by taking the
shooting axis 150 as a center, two vertical limiting planes
186a and 1865 are formed.

The horizontal search angle 180 and the vertical search
angle 182 are viewing angles of the digital camera 100 when
capturing an 1image. The viewing angles are associated with
the shooting focal length (1), a horizontal amplitude (L,) and
a vertical amplitude (L) of the photosensitive element. A
manner ol obtaining the viewing angles 1s described as fol-
lows.

The shooting focal length (1) 1s a distance from an optical
center of the lens to the photosensitive element.

The horizontal amplitude (L, ) 1s a width of the photosen-
sitive element.

The vertical amplitude (L)) 1s a height of the photosensitive
clement.

The horizontal viewing angle may be calculated according,
to f and L, by using the following equations:

tan(0,/2)=(L,/2)/f (Equation 1)

0, =2%tan"* ((L,/2)/f) (Equation 2)
tan(0,/2)=(L,)/2)/f (Equation 3)
0,=2*tan"((L./2)/f) (Equation 4)
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Here, 0, represents a horizontal viewing angle, and 0O
represents a vertical viewing angle. Equation 1 1s transposed
to obtain Equation 2, and the viewing angle 0, in Equation 2
1s corresponding to the horizontal search angle. Equation 3 1s
transposed to obtain Equation 4, and the viewing angle 0 in
Equation 4 1s corresponding to the vertical search angle 182.

The controller 110 substitutes the shooting parameters and
the amplitude of the CCD 1142 into the above equations, so as
to obtain the corresponding horizontal search angle 180 and
vertical search angle 182.

As for the horizontal search angle 180 and the vertical
search angle 182, in addition to the above real-time calcula-
tion manner, viewing-angle lookup tables (that 1s, a horizon-
tal-angle lookup table and a vertical-angle lookup table) cor-
responding to different focal lengths may be built in the
digital camera 100, so as to avoid the viewing-angle calcula-
tion performed each time, thereby reducing the operation.
According to another embodiment of the present mvention,
the digital camera 100 may also directly specily a preset value
as the horizontal search angle 180 and the vertical search
angle 182 for searching the landmark coordinates 156.

After the horizontal search angle 180 and the vertical
search angle 182 are obtained, 1n Step S72, the shooting
pyramid 152 1s calculated according to the shooting axis 150,
the horizontal search angle 180, and the vertical search angle
182.

In Step S73, the search pyramid ranges 154 are defined
according to the search focus range 176 and the shooting
pyramid 152 of Step S72, such that the controller 110 succes-
stvely searches the landmark coordinates 156. Referring to
FIG. 3, in this embodiment, the shooting pyramid 152 1s cut
into a plurality of search pyramid ranges 154a, 154b, 154c,
and 1544 with an equal longitudinal length according to the
length of the search focus range 176, so as to sequentially
look up the map data table 1162 for the landmark coordinates
156 1n the search pyramid ranges 154. However, according to
the present mvention, the manner of cutting the shooting
pyramid 152 into the search pyramid ranges 154 1s not lim-
ited, and the search pyramid ranges 154 may have different
longitudinal lengths. When searching the landmark coordi-
nates 156, the searching sequence of the search pyramid
ranges 154 1s not limited to 154a, 1545, 154¢, and 1544, but
other searching sequences may also be used, for example,
154a, 154¢, 1545, and 1544

In Step S74, after the range required to be sequentially
searched 1s determined according to the search pyramid
ranges 154 and the shooting coordinate, the map data table
1162 1s looked up to determine whether there 1s any landmark
coordinate 156 located within the search pyramid ranges 154.
The search pyramid ranges 154 are sequentially searched till
at least one of the landmark coordinate 156 1s found and taken
as the output coordinate. Then, the map data table 1162 1s
looked up, and a landmark name corresponding to the output
coordinate 1s output.

The manner of searching the landmark coordinates 156 in
the search pyramid ranges 154 may be obtained with refer-
ence to FI1G. 7. FIG. 7 1s a schematic flow chart of Step S74
according to an embodiment of the present invention. As seen
from FIG. 7, the manner of searching the landmark coordi-
nates 156 1n the search pyramid ranges 154 comprises: in Step
S75, looking up the map data table for at least one of the
landmark coordinate located within the search pyramid range
according to the search pyramid range and the shooting infor-
mation (Step a); 1n Step S791, determining whether any land-
mark coordinate 1s found; in Step S792, determining whether
only one of the landmark coordinate 1s found; 1n Step S76,
taking the found landmark coordinate as the output coordi-
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nate (Step b); m Step S77, selecting the output coordinate
from the found landmark coordinates according to the found
landmark coordinates, the focusing distance, and the shooting
information (Step ¢); 1n Step S781, setting another search
pyramid range according to the search focus range and the
search pyramid range; and 1n Step S782, returning to Step S75
(that 1s, Step a), and performing the above steps again accord-
ing to the another search pyramid range.

In Step S75, the map data table 1162 1s looked up according,
to the shooting information and the search pyramid range 154
to determine whether there 1s any landmark coordinate 156
located within the search pyramid range 154. Referring to
FIG. 3, the shooting pyramid 152 and the search pyramid
ranges 154 are relative ranges defined by taking the shooting
coordinate as a point of origin, and in the searching process,
the actual coordinate ranges of the search pyramid ranges 154
are obtained according to the shooting coordinate. After the
actual ranges represented by the search pyramid ranges 154
are obtained, the ranges are searched according to the land-
mark coordinates 156 of the landmarks in the map data table
1162. Although both the shooting coordinate and the land-
mark coordinates 156 are represented by latitude, longitude,
and altitude, when a distance 1s calculated, the latitude and the
longitude between the two places may be converted nto an
actual distance measured 1n meters or kilometers.

IT 1t 1s determined through Step S791 and Step S792 that
only one of the landmark coordinate 156 1s found in the
current search pyramid range 154, the landmark coordinate
156 found 1n the map data table 1162 1s directly taken as the
output coordinate in Step S76. Then, the landmark name
corresponding to the output coordinate can be found subse-
quently according to the output coordinate, such that the
landmark name may be written into the image file.

When a plurality of landmark coordinates 156 i1s found
within one search pyramid range 154, 1n Step S77, calculation
1s performed according to the landmark coordinates 156
found 1n the map data table 1162 and the shooting informa-
tion, so as to select a landmark coordinate from the found
landmark coordinates 156 to serve as the output coordinate.
The manner of selecting a landmark coordinate from the
found landmark coordinates 156 to serve as the output coor-
dinate will be described 1n detail below.

If no landmark coordinate 156 1s found within the current
search pyramid range 154, Step 78 (Step d) 1s performed,
which comprises Step S781 and Step S782. Firstly, in Step
S781, another new search pyramid range 154 1s set according
to the search focus range 176 and the current search pyramid
range 154. The new search pyramid range 154 may be, butnot
limited to, a search pyramid range 154 adjacent to the origi-
nally-used search pyramid range 154 and far away from the
digital camera 100.

After the new search pyramid range 154 1s set, 1n Step
S782, the map data table 1162 1s looked up according to the
new search pyramid range 154 and the shooting coordinate to
determine whether there 1s any landmark coordinate 156
located within the new search pyramid range 154 (that 1s, the
another search pyramid range 154). By successively search-
ing the search pyramid ranges 154 using the above manner, at
least one of the landmark coordinate 156 located within the
shooting pyramid 152 can be found. The manner of defining
the another search pyramid range 154 according to the current
search pyramid range 154 may be taking a pyramid range
tarther (away from the location of the digital camera) than the
current search pyramid range 154 as the another search pyra-
mid range 154, or taking a pyramid range nearer than the
current search pyramid range 154 as the another search pyra-
mid range 154.
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The manner of selecting one of the landmark coordinate
156 as the output coordinate when more than one of the
landmark coordinate 156 1s found 1n the same search pyramid
range 154 1n the above process may be obtained with refer-
ence to FIGS. 8A and 8B. FIGS. 8A and 8B are respectively
a schematic tlow chart of a first embodiment and a schematic
flow chart of a second embodiment of Step S77 according to
an embodiment of the present invention. As shown 1n FIG.
8 A, firstly, in Step S90, it 1s determined whether the focusing
distance 174 1s infinite. When the focusing distance 174 1s not
infinite, the manner of selecting the output coordinate com-
prises: 1n Step 595, calculating a landmark distance from each
ol the found landmark coordinates to the shooting coordinate;
and 1n Step 596, taking the landmark coordinate correspond-
ing to a minimum landmark distance as the output coordinate.
When the focusing distance 174 is infinite, the manner of
selecting the output coordinate comprises: 1 Step S91,
respectively calculating the horizontal angle between a vector
formed from the shooting coordinate towards each of the
found landmark coordinates and the shooting direction; 1n
Step S92, respectively calculating the vertical angle between
the vector formed from the shooting coordinate towards each
of the found landmark coordinates and the shooting direction;
in Step S93, calculating a landmark angle sum of the hori-
zontal angle and the vertical angle corresponding to each of
the landmark coordinate; and in Step S94, taking the land-
mark coordinate corresponding to a minimum landmark
angle sum as the output coordinate.

If the focusing distance 174 1s not infinite, the captured
landmark may be close to the digital camera 100. In Step S95,
the landmark distance from the dlgltal camera 100 to each of
the found landmark coordinates 156 is calculated according
to the shooting coordinate and each of the found landmark
coordinates 156 using the Pythagorean Theorem. In Step S96,
the landmark coordinate 156 having a minimum landmark
distance 1s selected according to the obtained landmark dis-
tances, and taken as the output coordinate.

If the focusing distance 174 1s infinite, the output coordi-
nate 1s selected according to angles between the landmark
coordinates 156 and the shooting direction. In Step S91, a
horizontal angle between a vector formed from the shooting,
coordinate towards each of the landmark coordinate 156 and
the shooting direction is calculated. In Step S92, a vertical
angle between the vector formed from the shooting coordi-
nate towards each of the landmark coordinate 156 and the
shooting direction 1s calculated according to the shooting
angle 172. The calculation may be performed using the fol-
lowing equations:

Oty tan™ (X, o= X)/ (Y~ 1))

PP OT Poi

(Equation 3)

0,00, (Equation 6)

—1 .
Pooi=SIN" ((£,,—2£)/D,,.;) (Equation 7)

Vooi Vi Pooi (Equation %)
Here, o, represents a horizontal angle between each of

the landmark coordinate 156 and the true north direction, X,
represents the landmark longitude 1n each of the landmark
coordinate 156, X represents a shooting longitude in the
shooting coordinate, Y, ; represents the landmark latitude 1n
cach of the landmark coordinate 156, Y represents a shooting
latitude 1n the shooting coordinate, 8, , represents a horizon-
tal angle between each of the landmark coordinate 156 and
the shooting direction, 6 represents the shooting direction,
b,.; represents an angle between cach the landmark coordi-
nate 156 and the horizontal line, Z , ; represents the landmark
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altitude 1n each the landmark coordinate 156, Z represents a
shooting altitude in the shooting coordinate, D, represents a
distance from each of the landmark coordinate 156 to the
shooting coordinate, v, represents a vertical angle between
cach of the landmark coordinate 156 and the shooting direc-
tion, and v, represents the shooting angle 172 (the shooting
angle 172 may be, for example, an elevation angle repre-
sented by a positive value, or a depression angle represented
by a negative value).

After substituting the shooting information and the land-
mark coordinates 156 into the above equations, the horizontal
angle and the vertical angle between each of the landmark
coordinate 156 and the shooting direction can be obtained. In
Step S93, the horizontal angle and the vertical angle corre-
sponding to each of the landmark coordinate 156 are added to
obtain the landmark angle sum. The smaller the landmark
angle sum of the landmark coordinate 156 1s, the shorter the
distance between the direction from the digital camera 100
towards the landmark coordinate 156 and the shooting direc-
tion will be. Theretfore, in Step S94, the landmark coordinate
156 corresponding to a minimum landmark angle sum 1s
selected as the output coordinate.

As shown 1n FIG. 8B, the manner of selecting one of the
landmark coordinate 156 as the output coordinate further
comprises: 1n Step S97, displaying the landmark names cor-
responding to the landmark coordinates on the LCD unit to
allow the user to select a specified landmark name; and 1n
Step S98, receiving a select command, and taking the land-
mark coordinate corresponding to the specified landmark
name as the output coordinate.

If a plurality of landmark coordinates 156 1s found 1n the
same search pyramid range 154, in Step S97, the landmark
names corresponding to the found landmark coordinates 156
are displayed to the user for reference, and 1 Step S98, a
result input by the user 1s obtained for being provided to the
digital camera 100 for being recorded. The landmark coordi-
nates 156 displayed to the user for reference may be displayed
after being sorted according to the landmark distances or the
landmark angle sums, or displayed according to a sequence 1n
which the landmark coordinates 156 are found.

According to the above steps, the search pyramid ranges
154 may be searched successively till the output coordinate 1s
found. Most preferably, a searching boundary condition 1s set
according to the image resolution when the landmark coor-
dinates 156 are searched. The farther the captured object 200
1s located, the smaller the number of pixels occupied by the
captured object 200 1n the image will be. However, due to the
limitation of the resolution, when the captured object 200 1s
far enough from the digital camera 100, the captured object
200 only presents one pixel in the image, and 11 1t 1s even
tarther from the digital camera 100, the captured object 200 1s
considered as mvisible. Therefore, a searching distance limait
may be set according to different resolutions, for example, a
10 m*10 m*10 m object may only be displayed as a distance
ol one pixel under this resolution. If no landmark coordinate
156 located within the shooting pyramid 152 can be found
within the search distance limit, 1t 1s determined that no
landmark coordinate 156 1s located within the shooting pyra-
mid 152, and no landmark name can be output.

According to an embodiment of the present 1vention,
when the map data table 1162 stores a volume or shading area
of each landmark, the operations performed 1n the searching
process can be reduced. The shading area refers to an area of
a scene behind the landmark that can be shaded by the land-
mark. When one of the landmark coordinate 156 1s found in a
certain search pyramid range 154, as the scene behind the
landmark 1s shaded, the calculation of searching other land-
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mark coordinates 156 does not need to be performed on the
shaded portion 1n the search pyramid range 154.

In addition, the method according to the present invention
can also be applied to search a name of a landmark seen by the
user. The digital camera 100 dynamically captures 1mages in
real time, and displays the found landmark name on the LCD
unit 108 by using the method for detecting the name of the
captured landmark. The present invention 1s not limited to
performing calculations on 1mages that need to be stored, and
it may be unnecessary to record the landmark name corre-
sponding to the output coordinate 1nto the 1mage.

Even 1f the captured object 200 1s not a landmark but a
person, a landmark behind the person can also be found.

According to the digital camera capable of detecting the
name of the captured landmark and the method thereof
according to the present invention, the digital camera 1s a
digital camera comprising the environmental condition cap-
turer having the GPS element, the compass, and the angle
capturer, the LCD unit, and the map data table. The landmark
coordinate and corresponding landmark name of the captured
landmark can be searched according to the focusing distance
174 and the shooting imnformation captured by the environ-

mental condition capturer, and then recorded into the image
or provided to the user for reference.

What 1s claimed 1s:

1. A method for detecting a name of a captured landmark,
adapted to a digital camera, wherein the digital camera com-
prises an environmental condition capturer, a liqud crystal
display (LCD) unit, and a map data table, and the map data
table comprises a plurality of landmark names and a plurality
of landmark coordinates corresponding to the landmark
names, the method comprising:

capturing an image, and obtaining a focusing distance,

wherein the image comprises at least one of the captured
landmark;
capturing an environmental condition by the environmen-
tal condition capturer, wherein the environmental con-
dition comprises shooting information and searching
information, the shooting information comprises a
shooting direction, a shooting angle, and a shooting
coordinate, and the searching information comprises a
horizontal search angle and a vertical search angle;

obtaining a search focus range by increasing or decreasing
the focusing distance by a specified distance, or by being
set to a horizontal distance between the digital camera
and a captured object; and

looking up the map data table according to the search focus

range and the shooting information to obtain an output

coordinate corresponding to the captured landmark and

the landmark name corresponding to the output coordi-

nate, comprising:

calculating a shooting axis according to the shooting
direction and the shooting angle;

obtaining a shooting pyramid according to the shooting
axis, the horizontal search angle, and the vertical
search angle;

defining a search pyramid range according to the search
focus range and the shooting pyramid;

looking up the map data table for the output coordinate
according to each of the search pyramid range and the
shooting coordinate, comprising:

Step a: looking up the map data table for at least one
of the landmark coordinate located within the
search pyramid range according to the search pyra-
mid range and the shooting information;
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Step b: when only one of the landmark coordinates 1s
found within the search pyramid range, taking the
found landmark coordinate as the output coordi-
nate;

Step ¢: when ones of the landmark coordinates is
found within the search pyramid range, selecting
the output coordinate from the found landmark
coordinates according to the found landmark coor-
dinates, the focusing distance, and the shooting
information; and

Step d: when none of the landmark coordinates 1s
found within the search pyramid range, performing,
the following steps:
setting an another search pyramid range according

to the search focus range and the search pyramid
range; and

returning to Step a, and looking up the map data

table for the landmark coordinate located within
the another search pyramid range according to
the another search pyramid range and the shoot-
ing information; and
looking up the map data table for the landmark name
corresponding to the output coordinate.

2. The method for detecting the name of the captured
landmark according to claim 1, wherein the step of selecting
the output coordinate from the found landmark coordinates
according to the found landmark coordinates, the focusing
distance, and the shooting information comprises:

when the focusing distance is infinite, performing the fol-

lowing steps:

respectively calculating a horizontal angle between a
vector formed from the shooting coordinate towards
cach ofthe found landmark coordinates and the shoot-
ing direction;

respectively calculating a vertical angle between the
vector formed from the shooting coordinate towards
cach of the found landmark coordinates and the shoot-
ing direction;

calculating a landmark angle sum of the horizontal angle
and the vertical angle corresponding to each of the
landmark coordinate; and

taking the landmark coordinate corresponding to a mini-

mum landmark angle sum as the output coordinate;
and

when the focusing distance 1s not infimite, performing the

following steps:

calculating a landmark distance from each of the found
landmark coordinates to the shooting coordinate; and

taking the landmark coordinate corresponding to a mini-
mum landmark distance as the output coordinate.

3. The method for detecting the name of the captured
landmark according to claim 1, wherein the step of selecting
the output coordinate from the found landmark coordinates
according to the found landmark coordinates, the focusing
distance, and the shooting information further comprises:

displaying the landmark names corresponding to the land-

mark coordinates on the LCD unit to allow a user to
select a specified landmark name; and

recerving a select command, and taking the landmark coor-

dinate corresponding to the specified landmark name as
the output coordinate.

4. A digital camera capable of detecting a name of a cap-
tured landmark, applicable to capture an 1mage of a scene,
comprising;

an environmental condition capturer, for outputting shoot-

ing information of an environmental condition of the
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digital camera, wherein the shooting information com-
prises a shooting direction, a shooting angle, and a
shooting coordinate;

a storage unit, for storing a map data table, wherein the map
data table comprises a plurality of landmark names and
a plurality of landmark coordinates corresponding to the
landmark names, and each of the landmark coordinates
comprises a landmark longitude, a landmark latitude,
and a landmark altitude;

an 1mage capturing element, for outputting image data;

an optical element assembly, for controlling the 1mage
capturing element to receive searching information of
the scene, wherein the searching information comprises
a horizontal search angle and a vertical search angle; and

a controller, wherein when the controller 1s actuated, the
controller controls the optical element assembly and
receives the image data from the image capturing ele-
ment; and the controller 1s adapted to perform:
capturing the environmental condition and a focusing

distance;
setting a search focus range according to the focusing
distance, wherein the search focus range 1s obtained

by increasing or decreasing the focusing distance by a

specified distance, or by being set to a horizontal

distance between the digital camera and a captured
object;

calculating a shooting axis according to the shooting
direction and the shooting angle;

obtaining a shooting pyramid according to the shooting
axis, the horizontal search angle, and the vertical
search angle;

defining a search pyramid range according to the search
focus range and the shooting pyramid;

looking up the map data table for the output coordinate
according to each of the search pyramid range and the
shooting coordinate, comprising:

Step a: looking up the map data table for at least one
of the landmark coordinate located within the
search pyramid range according to the search pyra-
mid range and the shooting information;

Step b: when only one of the landmark coordinates 1s
found within the search pyramid range, taking the
found landmark coordinate as the output coordi-
nate;

Step ¢: when ones of the landmark coordinates 1s
found within the search pyramid range, selecting
the output coordinate from the found landmark
coordinates according to the found landmark coor-
dinates, the focusing distance, and the shooting
information; and

Step d: when none of the landmark coordinates 1s
tound within the search pyramid range, performing
the following steps:
setting an another search pyramid range according,

to the search focus range and the search pyramid
range; and
returning to Step a, and looking up the map data
table for the landmark coordinate located within
the another search pyramid range according to
the another search pyramid range and the shoot-
ing information; and
looking up the map data table for the landmark name
corresponding to the output coordinate.
5. The digital camera capable of detecting the name of the
captured landmark according to claim 4, wherein the envi-
ronmental condition capturer comprises:
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a global position system (GPS) element, for outputting the
shooting coordinate of the digital camera, wherein the
shooting coordinate comprises a shooting longitude, a
shooting latitude, and a shooting altitude;

a compass, for outputting the shooting direction of the

digital camera; and

an angle capturer, for outputting the shooting angle of the

digital camera, wherein the shooting information com-
prises the shooting coordinate, the shooting direction,
and the shooting angle.

6. The digital camera capable of detecting the name of the
captured landmark according to claim 4, wherein the control-
ler controls the optical element assembly according to the
focusing distance.

7. The digital camera capable of detecting the name of the
captured landmark according to claim 4, wherein the optical
clement assembly comprises a lens device and an aperture
device.

8. The digital camera capable of detecting the name of the
captured landmark according to claim 4, wherein the 1mage
capturing element comprises a charge-coupled device
(CCD).

9. The digital camera capable of detecting the name of the
captured landmark according to claim 4, further comprising:
a liquid crystal display (LCD) unit for displaying the land-
mark name.

10. A method for detecting a name of a captured landmark,
adapted to a digital camera, wherein the digital camera com-
prises an environmental condition capturer, a liquid crystal
display (LCD) unit, and a map data table, and the map data
table comprises a plurality of landmark names and a plurality
of landmark coordinates corresponding to the landmark
names, the method comprising:

capturing an i1mage, and obtaining a focusing distance,

wherein the image comprises at least one of the captured
landmark;

capturing an environmental condition by the environmen-

tal condition capturer, wherein the environmental con-

dition comprises shooting information and searching

information, the shooting information comprises a

shooting direction, a shooting angle, and a shooting

coordinate, and the searching information comprises a

horizontal search angle and a vertical search angle;

obtaining a search focus range according to the environ-
mental condition and the focusing distance; and
looking up the map data table according to the search focus

range and the shooting information to obtain an output

coordinate corresponding to the captured landmark and

the landmark name corresponding to the output coordi-

nate, comprising;:

calculating a shooting axis according to the shooting
direction and the shooting angle;

obtaining a shooting pyramid according to the shooting
axis, the horizontal search angle, and the vertical
search angle;

defining a search pyramid range according to the search
focus range and the shooting pyramid;

looking up the map data table for the output coordinate
according to each of the search pyramid range and the
shooting coordinate, comprising,

Step a, looking up the map data table for atleast one of
the landmark coordinate located within the search
pyramid range according to the search pyramid
range and the shooting information;
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Step b, when only one of the landmark coordinate 1s
found within the search pyramid range, taking the
found landmark coordinate as the output coordi-
nate;

Step ¢, when ones of the landmark coordinates is
found within the search pyramid range, selecting
the output coordinate from the found landmark
coordinates according to the found landmark coor-
dinates, the focusing distance, and the shooting
information, comprising;:

when the focusing distance 1s infinite, performing
the following steps:

respectively calculating a horizontal angle
between a vector formed from the shooting coor-

dinate towards each ot the found landmark coor-
dinates and the shooting direction;

respectively calculating a vertical angle between
the vector formed from the shooting coordinate
towards each of the found landmark coordinates
and the shooting direction;

calculating a landmark angle sum of the horizon-
tal angle and the vertical angle corresponding to
each of the landmark coordinate; and
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taking the landmark coordinate corresponding to
a minimum landmark angle sum as the output
coordinate; and
when the focusing distance 1s not infinite, perform-
ing the following steps:
calculating a landmark distance from each of the
found landmark coordinates to the shooting
coordinate; and
taking the landmark coordinate corresponding to
a minimum landmark distance as the output
coordinate; and
Step d, when none of the landmark coordinate 1s
found within the search pyramid range, performing,
the following steps:
setting an another search pyramid range according
to the search focus range and the search pyramid
range; and
returning to Step a, and looking up the map data
table for the landmark coordinate located within
the another search pyramid range according to
the another search pyramid range and the shoot-
ing information; and
looking up the map data table for the landmark name cor-
responding to the output coordinate.
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